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Abstract: 
The study elaborates the current publication trends in the field of telemedicine as well as the 
application of growth models to forecast future trends with the goal of determining the fitness of 
growth in publications using exponential, linear and logistic growth models. The data for the 
study was downloaded from the Scopus database over a fifteen-year period, from 2005 to 2019. 
During the period, a total of 45719 publications were found with publication productivity 
showing an upward trend throughout the period.  The results show that the growth of 
publications fits into the exponential model than linear or logistic models. This study also 
predicts that by 2025 there will a total of 108268 publications in the field of Telemedicine, as 
well as progressive research.   
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1. Introduction 
The term “growth” refers to an increase in physical size, indicating a change in state. The 
growth of science and technology can be defined as an increase in the number of institutions, 
scientists or publications, etc. According to Ravichandra Rao (1998), “literature growth” refers 
to the change in literature size over a period of time, which is the estimated average rate of data 
obtained by chronological analysis based on statistical models (Alvarado 2016). Fitting the 
growth model, distribution, and curve to exponentially / linearly / logistically increasing 
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literature data and determining the best fit that describes the expansion of literature are key 
elements of growth research. 
Telemedicine (https://searchhealthit.techtarget.com) is the remote provision of medical 
and health services through telecommunications infrastructure, such as health assessment or 
consultation. It enables healthcare providers to use common technologies, such as video 
conferencing and Smartphone, to assess, diagnose and treat patients without making a visit to 
meet them in person. As all parties seek more effective ways to deliver patient care at lower cost, 
telemedicine is becoming increasingly important. For consumers, visiting and speaking with a 
doctor for non-urgent, secondary medical needs, rather than going to the primary care doctor's 
office or emergency room, is often a way to save time. In recent years, many countries have 
passed laws that facilitate the implementation of telemedicine, and federal health regulators are 
also exploring ways to provide more health insurance reimbursements for telemedicine services. 
2. Review of Literature 
In the past, few bibliometric/scientometric studies have modeled the scientific 
productivity of different disciplines: there is no common result. However, most studies found 
that exponential growth models are applicable to various disciplines (Tsay 2008; Szydlowski and 
Krawiec 2009; Biglu 2009; Arango 2011; Hadagali and Anandhalli 2015; Alvarado 2016). On 
the other hand, the physics literature contributed by Indian scientists (Gupta et al. 1999) and 
social science sub-disciplines (Gupta et al. 2002) confirm to the logistic model, and the power 
law conforms to the literature in theoretical population genetics (Gupta and Karisiddappa 2000). 
It is worth noting that some disciplines follow a combination of the two models. For example, 
groundnut research contributed by Indian scientists follows exponential and logistic models 
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(Kumar and Dhoble 2019). Likewise, the crystallography literature follows polynomial, power 
and linear growth (Neelamma and Anandhalli 2020). 
3. Objectives of the Study: 
To examine the fit of the telemedicine literature in terms of exponential, linear and 
logistic growth models for the total number of publications. 
4. Methodology: 
Using the following search query, data on Telemedicine literature was downloaded from 
the Scopus database over a period of fifteen years during 2005-2019: 
(TITLE-ABS-KEY (telemedicine or "tele medicine" or tele-medicine or telecare or 
"tele care" or tele-care or telehealth or "tele health" or tele-health or ehealth or "e health" or 
e-health) AND PUBYEAR >2004 AND PUBYEAR < 2020). 
The tabulation and analysis were done in MS-Excel. The growth of telemedicine 
literature has been studied using the following models: 
(a). Exponential growth model: 
Exponential growth is a specific way in which an amount of some quantity can increase 
over time. It occurs when the instantaneous exchange rate of an amount with respect to time is 
proportional to the amount itself. It can be mathematically expressed as: 
F(t) = aebt 
Where,  
a= initial size of the literature; 
t= unit of time; 
b= continuous growth rate = R/100; 
R= percentage by which the size increases in each fixed time unit. 
 
(b). Linear growth model:  
Each time period will have a constant increase, according to this model. This model can 
approximate the growth for shorter periods. 
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F0(t) = Log(a) + bt 
Where,  
a= initial size of the literature; 
b= continuous growth rate:  
t= unit of time 
(c). Logistic growth model: 
The logistic growth model is approximately exponential at first, but it has a reduced rate 
of growth as the output approaches the model’s upper bound, called the carrying capacity. 
Ut = K/1+μ 
Where, U = expected size of the literature; K and μ are constants. 
5. Hypotheses 
To find out the growth pattern of publications on Telemedicine literature, the following 
hypotheses were formulated: 
Hypothesis 1: The growth of publications in the field of telemedicine literature follows the 
Exponential growth model.  
Hypothesis 2: The growth of publications in the field of telemedicine literature follows the 
Linear growth model.  
Hypothesis 3: The growth of publications in the field of telemedicine literature follows the 
Logistic growth model.  
Mathematically represented as, 
Ho:µe- µo<+ 200 
     H1:µe- µo>+ 200 
Here, µe = Mean of observed values; µo= Mean of expected values 
6. Data Analysis: 
(a). Yearly Distribution of Publications  
The table 1 provides the annual distribution of global telemedicine literature from 2005 to 
2019. During this period, a total of 45719 publications were found. Publications trends show that 
productivity has gradually increased over a period of time, with the highest numbers of 
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publications reported in 2019, reaching 5827 (12.75%).The initial size of the literature is 
represented by constant ‘a’. Here a = 1249 is the initial size of the literature in 2005. The 
continuous growth rate is represented by a constant ‘b’. Continuous growth rate, the constant ‘b’ 
is calculated by b= R/100, where ‘R’ is the percentage of growth of the publications in each fixed 
time unit  and ‘t’ represents time after which the growth has to be calculated. Figure 1 shows the 
annual distribution of publication on telemedicine literature. 
Table 1-Yearly Distribution of Publication on Telemedicine 
S.No. Year TP TP(%) CTP CTP(%) R 
1 2005 1249 2.73 1249 2.73 - 
2 2006 1506 3.28 2755 6.01 20.58 
3 2007 1652 3.61 4407 9.62 9.69 
4 2008 1887 4.13 6294 13.75 14.23 
5 2009 2007 4.39 8301 18.14 6.36 
6 2010 2120 4.64 10421 22.78 5.63 
7 2011 2386 5.22 12807 28.00 12.55 
8 2012 2724 5.96 15531 33.96 14.17 
9 2013 3221 7.05 18752 41.01 18.25 
10 2014 3405 7.45 22157 48.46 5.71 
11 2015 4018 8.79 26175 57.25 18.00 
12 2016 4244 9.28 30419 66.53 5.62 
13 2017 4378 9.58 34797 76.11 3.16 
14 2018 5095 11.14 39892 87.25 16.38 
15 2019 5827 12.75 45719 100 14.37  
Total 45719 100.00   164.70 
TP: Total Publications; CTP- Cumulative Total Publications; R: Percentage of growth in publications in each 
fixed time unit 
Total R Value = 164.70; Average value of R =11.76; b = R/100 = 0.1176 
From the above table the total value of ‘R’ found to be 164.70 and the average value of 





Figure 1 – Yearly Distribution of Publications 
(b). Descriptive Statistics 
 
The mean value of telemedicine literature during study period is 3047.93, as shown in the 
table 2. The standard deviation and standard error were found to be 1404.32 and 362.87 
respectively for the telemedicine literature. 
Table 2 -Descriptive Statistics of Telemedicine Literature 
Descriptive Statistics Telemedicine Literature 
Mean 3047.93 
Standard Deviation 1404.32 
Standard Error 362.87 
Range  4578 
Minimum  1249 
Maximum 5827 
 
(c). Exponential Growth 
According to the time ‘t” in the formula, the values of initial literature size value ‘a’ and 
the continuous growth rate ‘b’ are used to calculate the expected yearly exponential growth (E) 
of publications listed in table 3. In addition, the difference between the cumulative observed 





















calculated and listed in the table. The results show that the difference between exponential 
growth and observed growth is 2678 records. 
Table 3- Expected Exponential Growth on Telemedicine Literature 
S. 
No. 
Year TP CTP(O) bt F(t) = aebt Exponential 
Growth (E) 
O-E 
1 2005 1249 1249 0 1249 1249 0 
2 2006 1506 2755 0.1176 1405 2654 101 
3 2007 1652 4407 0.2352 1580 4234 173 
4 2008 1887 6294 0.3528 1777 6011 283 
5 2009 2007 8301 0.4704 1999 8010 291 
6 2010 2120 10421 0.5880 2249 10259 162 
7 2011 2386 12807 0.7056 2529 12788 19 
8 2012 2724 15531 0.8232 2845 15633 -102 
9 2013 3221 18752 0.9408 3200 18833 -81 
10 2014 3405 22157 1.0584 3599 22432 -275 
11 2015 4018 26175 1.1760 4048 26480 -305 
12 2016 4244 30419 1.2936 4554 31034 -615 
13 2017 4378 34797 1.4112 5122 36156 -1359 
14 2018 5095 39892 1.5288 5761 41917 -2025 
15 2019 5827 45719 1.6464 6480 48397 -2678  
Total 45719   48397   
TP: Total Publications; CTP- Cumulative Total Publications; bt: product of continuous growth rate with unit of time; O-E: 
Difference between the observed growth of publications and expected exponential growth 
(d). Linear Growth 
To find the expected linear growth of publications on telemedicine literature, the 
logarithmic value of the initial size of the literature ‘a’ and continuous growth rate ‘b’ are used, 
according to the time ‘t’ in the formula, with the calculated values of the linear growth are listed 
in the table 4. It can be seen from the table that the linear growth of the literature is 183477 more 
than the observed number of publications. 
Table 4 - Expected Linear Growth on Telemedicine Literature 
S. 
No. 







1 2005 1249 1249 3.0965 1249   1249 0 
2 2006 1506 2755 3.2141 1637 2886 -131 
3 2007 1652 4407 3.3317 2146 5032 -625 
4 2008 1887 6294 3.4493 2814 7846 -1552 
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5 2009 2007 8301 3.5669 3689 11535 -3234 
6 2010 2120 10421 3.6845 4836 16371 -5950 
7 2011 2386 12807 3.8021 6340 22711 -9904 
8 2012 2724 15531 3.9197 8312 31023 -15492 
9 2013 3221 18752 4.0373 10897 41920 -23168 
10 2014 3405 22157 4.1549 14286 56206 -34049 
11 2015 4018 26175 4.2725 18728 74934 -48759 
12 2016 4244 30419 4.3901 24553 99487 -69068 
13 2017 4378 34797 4.5077 32188 131675 -96878 
14 2018 5095 39892 4.6253 42199 173874 -133982 
15 2019 5827 45719 4.7429 55322 229196 -183477  
Total 45719   229196   
TP: Total Publications; CTP- Cumulative Total Publications; O-E: Difference between the observed growth of publications and 
expected linear growth 
(e).Logistic Growth  
 
To compute the Logistic Growth of telemedicine literature, we must first determine the 
values of the constants ‘K’, ‘a’ and ‘b’ as well as t = time, before calculating the growth. For this 
purpose, we shall use literature’s base values of 1249, 1652 and 2007. 
Here U1= 1249; U2 = 1652; U3=2007; t1 = 1; t2 = 3; and t3 = 5 
Formula for calculating the constant K = (U2)
2(U1+U3)-2U1U2U3/(U2)
2-U1U3 
Applying the values of U1, U2, U3 in the formula,  
K = 2714.88 
To find out the value of µ, we have to calculate the constant values of ‘a’ and ‘b’. 
 
Formula for calculating the constant b = [Loge{(U1(K-U2))/(U2(K-U1))}]1/(t2-t1) 
 
Applying the values of K=2714.88; U1 = 1249; U2 = 1652; t1= 1; and t2= 3 in the formula,  
b = -0.3 
Formula for calculating the value of the constant a = Loge((K/U1)-1)-bt1 
Applying the values of K=2714.88; U1 = 1249; t1 = 1; and b= -0.3 in the formula, 
a=0.46 
The projected number of publications for each year was calculated using logistic growth 
formula Ut=K/1+µ and the expected growth of publications was presented table 5. It shows that 
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the difference between the expected logistic growth and the observed growth is -12096 
publications. 
Table 5– Expected Logistic Growth on Telemedicine Literature 
S. 
No. 







1 2005 1249 1249 0.16 0.06949 1.1735 1249 1249 0 
2 2006 1506 2755 -0.14 -0.06080 0.8694 1452 2701 54 
3 2007 1652 4407 -0.44 -0.19109 0.6442 1651 4352 55 
4 2008 1887 6294 -0.74 -0.32138 0.4771 1838 6190 104 
5 2009 2007 8301 -1.04 -0.45166 0.3534 2006 8196 105 
6 2010 2120 10421 -1.34 -0.58195 0.2618 2152 10348 73 
7 2011 2386 12807 -1.64 -0.71224 0.194 2274 12622 185 
8 2012 2724 15531 -1.94 -0.84253 0.1437 2374 14996 535 
9 2013 3221 18752 -2.24 -0.97281 0.1065 2454 17450 1302 
10 2014 3405 22157 -2.54 -1.10310 0.0789 2516 19966 2191 
11 2015 4018 26175 -2.84 -1.23339 0.0584 2565 22531 3644 
12 2016 4244 30419 -3.14 -1.36368 0.0433 2602 25133 5286 
13 2017 4378 34797 -3.44 -1.49396 0.0321 2630 27763 7034 
14 2018 5095 39892 -3.74 -1.62425 0.0238 2652 30415 9477 
15 2019 5827 45719 -4.04 -1.75454 0.0176 2668 33083 12096  
Total 45719     33083   
TP: Total Publications; CTP- Cumulative Total Publications; Ut: Expected Yearly Logistic Growth; O-E: Difference between the 
observed growth of publications and expected exponential growth 
 
 
(f). Comparative study between observed growth and expected growth of literature 
 
Table 6 shows the comparison between the observed growth of publication and the 
growth models we used in this study. The mean value of the observed growth of publications is 
3048 and the mean values of the growth models are 3226, 15280 and 2206 for exponential, linear 
and logistic respectively. As can be seen in the table, exponential growth is very close to the 
observed growth, while it is very high in the case of linear growth and low in the case of logical 
growth. Figure 2 shows a graphical representation of the comparison between the observed 
growth of publications and the three growth models. From the data it appears that the exponential 
















1 2005 1249   1249   1249 1249 
2 2006 2755 2654 2886 2701 
3 2007 4407 4234 5032 4352 
4 2008 6294 6011 7846 6190 
5 2009 8301 8010 11535 8196 
6 2010 10421 10259 16371 10348 
7 2011 12807 12788 22711 12622 
8 2012 15531 15633 31023 14996 
9 2013 18752 18833 41920 17450 
10 2014 22157 22432 56206 19966 
11 2015 26175 26480 74934 22531 
12 2016 30419 31034 99487 25133 
13 2017 34797 36156 131675 27763 
14 2018 39892 41917 173874 30415 
15 2019 45719 48397 229196 33083  
 Mean 3048 3226 15280 2206 
 
 







































































































7. Test of Hypotheses 
The hypotheses are tested using the mean values of cumulative observed growth of 
publications and mean values derived from the expected growth values of exponential, linear and 
logistic modeling, which are mathematically represented as, 
H0:µe- µo< + 200 
     H1:µe- µo>+ 200 
Here, µe = Mean of expected values; µo= Mean of observed values 
 
The difference between the mean of each growth model to the original growth is -178 for 
the exponential model, -12232 for the linear model and +842 for the logistic model (see table 
7).Therefore, the exponential growth model is the most suitable model for calculating the growth 
of telemedicine literature because the mean growth value is less than the assumed value of 200. 
Linear and Logistic models are not fit in the study because the mean growth value is higher than 
the assumed value in the case of linear model and very less than the assumed value in the case of 
logistic model. Therefore, the hypothesis 1 is accepted and hypotheses 2 and 3 are rejected. The 
conclusion is that the exponential model is adequate to calculate the growth of the telemedicine 
literature. 






Original 3048   
Exponential 3226 -178 Fit 
Linear 15280 -12232 Unfit 
Logistic 2206 +842 Unfit 
8. Predicted Growth of Publications 
     The exponential growth model is determined to be suitable for calculating the growth of 
telemedicine literature, and we can estimate the growth of its publications based on this. By the 




Table 8 – Estimated number of publications 
S.No. Year Exponential Growth 
1 2020 55687 
2 2021 63885 
3 2022 73107 
4 2023 83479 
5 2024 95146 
6 2025 108268 
9. Conclusion 
The study has witnessed a steady increase in publications throughout the study period. 
The exponential growth model is the most suitable model for the telemedicine literature. Other 
models namely, linear growth and logistic growth are not suitable for the telemedicine literature. 
The study predicts that there will be 108268 publications by the year 2025, which provides room 
for more research in the field of telemedicine.   
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